Monophasic and dlphasic xerogels have been prepared as precursors for mullite (3A1203-2SI02).
RESULTS ANDDISCUSSION
TGAof the mono-and diphasic powders exhibits a two step weight loss for both, as shown in Fig. 2 . The first step in both may be assigned to the loss of adsorbed water. In the monophasic powder the second step in weight loss involves the decomposition of the nitrate and oxidation of organics. The total weight loss of the monophasic xerogel amounts to~58 percent. In the diphasic powder the second step in weight loss is due to the decomposition of boehmite.
The total weight loss of the diphasic xerogel amounts to~20 percent. There is littte further weight change in either sample beyond 500°C.
DTAcurves for mono-and diphasic powders are given in Figs. 3 and 4, respectively.
In both samples, two low temperature endothermic peaks are evident. The first peak is assigned to evaporation of water adsorbed in the micropores of the gels. The second peaks are due to decomposition of nitrate and oxidation of organics in the monophasic powder, and loss of adsorbed water followed by decomposition of boehmite in the diphasic sample. The temperatures where these peaks occur correspond to the weight losses noted in the TGA results.
The strong exothermic peak at -975°C in the curve for the monophasic gel may be attributed to the formation of an AI-Si spinel. The XRDpatterns of the heat treated powders are given in Figs. 5 and 6. Figure 5 shows that the monophasic powder is amorphousuntil heated to 1015°C.
After I hr at this temperature, the powder contains mostly spinel phase and somemulllte.
Whena sample is heated l hr at I150°C, mullite becomesthe major phase and the amount of spinel phase is reduced. The sample heated I hr at 1250°C is predominantly mullite with a trace of the spinel phase. Above this temperature, the powder contains only mullite. It was first believed that xerogels formed by slow hydrolysis crystallize to mullite from the amorphous state. I The spinel phase formed at lOIS°C after I hr nearly disappears when the powder is heated at lO00°C for 16 hr. This indicates that the spinel phase Is the first to crystallize from the gel. The spinel is metastable and transforms easily to mullite by reaction with SiO2. This formation sequence has also been noted by Okada and Otsuka. 8 The sequenceof phase development in the diphasic powder is very different as seen from Fig. 6 . Until heated above the boehmite decomposition temperature, the pattern shows the starting materials, boehmite and amorphous silica.
After 24 hr at 490°C, the boehmite is transformed to a low temperature form of Al20 3 with a cubic spinel structure, and the amorphous phase is maintained. At 900°C, the pattern more closely resembles that of 6-A1203, with the amorphous phase included. At llSO°C, e-Al203 is seen along with the amorphous phase.
In the sample heated at 1350°C for l hr, _-Al203, cristobalite, and mullite are present. At 1450°C, mullite, _-Al203, and cristobalite are present in the same proportions as they were at 1350°C.
However, the pattern shows a higher degree of crystallinity. At 1530°C, mullite predominates while the _-Al203 and cristobalite amounts are reduced.
After I hr at 1600°C, the major phase is mullite. _-A1203 exists as a minor phase, and cristobalite has disappeared. No phases other than the cubic alumina spinel are seen prior to the formation of mullite and the other crystalline phases. Boehmite is known 9 to have the following phase transformation sequence when annealed in air; it transforms into _-A1203 at -500°C, to 6-A1203 around 850°C, to e-Al203 at I050°C, and finally to _-AI203 at I150°C. On the other hand the amorphous silica gel has a much simpler transformation to cristobalite at~1200°C. The XRD results indicate that the constituents (boehmite and silica) of the diphasic xerogel behave independently until at high temperature when mullite is formed by reaction between _-Al203 and crlstobalite.
The structural changes occurring in the xerogels on firing at various temperatures were monitored by infrared spectroscopy. The Infrared spectra of the heat treated monophasic and diphasic xerogel powders are given in Figs. 7 and 8. Figure ? shows the IR spectra from 4000 to 450 cm -l of the monophasic and diphasic powders, before and after the major decomposition reactions have taken place. The monophasic powder dried at II0°C exhibits strong absorption bands for water (~3450, 1640 cm -l) and nitrate (1385 cm-l). The principal band The bulk densities of dry pressed pellets which were sintered at 1600°C for 400 min were only 2.69 g/cm 3 (85 percent theoretical) and 1.51 g/cm 3 (47.8 percent theoretical) for the diphasic and monophasic powders, respectively. This clearly demonstrates that it is much more difficult to sinter the monophasic powder to high density in spite of the molecular level homogeneity of this powder. A detailed study on sintering and strength measurements is in progress.
The SEM micrographs of the fracture surfaces of the pellets dry pressed from mono-and diphasic powders and sintered at different temperatures and times are presented in Figs. lO and II, respectively. Large grain growth is evident in the samples flred at 1600°C for 400 min.
SUMMARY AND CONCLUSIONS
The combined results of TGA, DTA, XRD, and IRS present a clear formation sequence for obtaining mullite from either mono-or diphasic xerogels.
Monophasic gels crystallize from an amorphous structure to a silicon substituted alumina spinel at temperatures below lO00°C. The substitution of silicon in the spinel structure is inferred from the sharp crystallization exotherm noted in the DTA results. The spinel phase is metastable and transforms to mullite when held isothermally near the crystallization temperature.
The monophasic gel yields a well crystallized mullite with some residual amorphous phase. The amorphous phase is reduced by further reaction at higher temperature. The mullite formed initially is deficient in alumina.
The composition shifts towards stoichiometry at higher temperatures.
The diphasic materials Follow a muchdifferent formation sequence. The xerogel is composedof boehmite and a distinct amorphoussilica phase. The boehmite decomposesto a cubic alumina spinel structure at low temperature.
There is little or no reaction between the spinel and amorphousphases.
Mullite is formed by solid state reaction between _-A1203 and cristobaIite which form from the spinel and amorphousphases respectively at ]360°C. The mulIite is not well crystallized initially and residual phases remain even after heating at ]600°C for 6 hr. The mullite is also alumina deficient initially, but the composition shifts towards stoichiometry at higher temperatures. The diphasic powder can be sintered to high densities. Whereas the monophasic powder is muchmore difficult to densify in spite of its molecular level homogeneity.
Even though the monophasic precursor transforms to mullite at a low temperature, inability to sinter it to high density will limit its use in ceramic composites. The diphasic mullite precursor seemspromising as a matrix materlal. However, methods of densifying it at lower temperatures must be found. Methods of achieving this goal, such as supercritical drying of the gel and improved processing of the precursor powder, are under study. 
NationsIAeronautics end
Space Administration
